In the close-coupling approximation, electron-atom scattering cross sections depend, at all energies, on discrete target states as well as continuum states. However, the contribution of the ionization continuum is found to be less significant in one energy range than in the others @on et QI 1994a, b). This letter reports efforts to estimate this contribution.
In the energy range below the ionization threshold, all the ionization channels are closed and only a finite number of discrete channels are open. In the case of e--H scattering, the dipole coupling of degenerate channels of the same n-manifolds is instrumental in the emergence of complicated resonance structures in the cross sections (Path& et nl 1989) whereas the continuum effects are not expected to play a significant role in the formation of resonances @on et ~l 1994b). In fact, for energy lying in this energy range, close-coupling calculations in which only discrete target states with increasing principal quantum number n are used yield qualitatively correct cross sections in the energy range up to the highest threshold explicitly included in the expansion. This phenomenon was reported by Burke et d (1966, 1967) and Taylor and Burke (1967) for electron-hydrogen scattering and by Berrington and Kingston (I 987) in electron-helium scattering.
Fon et d (1994b) performed a 15-state R-matrix calculation for e--H scattering in which only the 15 lowest physical target states of hydrogen with principal quantum number n = 1-5 are used. The reported n = 2 excitation cross sections at energies below the n = 3 threshold are found to be 10% too high when compared with the accurate theoretical values of Callaway (1982) 
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of Williams (1988) . This is consistent with the above mentioned empirical rule of Burke et a1 (1966) which predicts that the 15-state calculation will produce correct cross section profiles up to the n = 5 threshold (13.06 eV). Recently Konovalov and McCarthy (1994a) reported a convergent J-matrix calculation for electrowhydrogen scattering. Resonance structures were calculated. It is found that (see figure 1 ) the J-matrix results are in serious disagreement with the 15-state R-matrix calculation in qualitative structures as well as in absolute values at energies above the n = 3 threshold. This cannot be explained by the larger energy step-length being used in the J-matrix calculation, as it can calculate many energies at once.' In the absence of experiments and other theoretical calculations we are left with the following two plausible explanations. (i) The contribution of the ionization continuum is far more significant than we have anticipated and it gives rise to dramatic distortion of the resonance profile of the cross sections. This makes Burke's convergent rule for electron-hydrogen scattering incorrect.
(ii) The convergent J-ma!xix calculation of Konovalov and McCarthy (1994a) has not converged.
-n In this letter, we adopt a two-front attack on this problem: (i) the 15-state R-matrix calculation of Fon et al (1994b) is extended to obtain the resonant profile for the n = 3 excitation cross sections; and (ii) the 28-state algebraic variational method of Wang and Callaway (1994) is introduced here to resolve the discrepancy between the R-and Jmatrix results. This method represents an independent close-coupling approach to solve the scattering equation in which well-chosen pseudo-states are coupled to the discrete target states to describe the ionization continuum. The quality and accuracy of this method have been well demonshated by Callaway (1982, 1988, 1991) . The difference between the converged 15-state R-matrix calculation and the results of the algebraic variational method should give us the measure of ionization continuum effects. Figure 1 compares the theoretical values of the integral cross sections for the n = 2 excitation from the ground state. There is a remarkable agreement in shape between the R-matrix results and the algebraic variational calculation. The former is respectively 12% and 15% higher than the latter for the 2s and Zp cross sections. The J-matrix calculation oscillates between the two. The spurious oscillations of the J-matrix calculation also show up in the energy range 0.89-0.915 Ryd where the cross section curves are expected to be slowly varying and smooth as no resonances have previously been reported in this energy range (see Pathak et al 1988 Pathak et al , 1989 ).
Most experimental measurements on cross sections have concentrated on excitation of the n = 2 states and very few efforts have been made in the study of n = 3 states. Consequently, the general qualitative profiles of excitation cross sections for the n = 3 states have not been well established especially at low energies. At energies lying between then = 3 and n = 4 thresholds, the resonant structures of the n = 3 excitation cross sections can be directly compared with experiments whilc comparison with the experimental n = 2 excitation cross sections are now complicated by cascades from the n = 3 states.
In the absence of experiments, figure 2 compares various theoretical calculations on integral cross sections for the n = 3-excitation.-From lhe~comparison, three main features are noted:
(i) At energies just above the n = 3 threshold, both 15-state and algebraic variational calculations exhibit some form of structure. However, this cannot be compared with the prominent peak shown by the i-matrix results of Konovalov and McCarthy (1994a) . Although the presence of a shape resonance at an energy just above the n = 3 threshold cannot be completely ruled out, it is expected that this shape resonance should be broader in width and lie much closer to the threshold if it were to exist (McGowan et al 1969) .
(ii) The fact that the cross section profile of the J-matrix calculation deviates from both the R-matrix and algebraic variational results at energies greater than 0.93 Ryd and that it oscillates around the 15-state results (see figure 2(a)) and algebraic variational calculation (see figure 2(b) ) at energies ranging from 0.89 to 0.915 Ryd (non-resonance region) indicates that the J-matrix calculation might not have converged. It is based on the fact that the oscillations are the inherent property of the J-matrix calculation when there are an insufficient number of terms included in the expansion (see figure 1 of Konovalov and McCarthy 1994b) .
(iii) The shiking similarity between the profiles of the 15-state R-matrix and algebraic variational calculation on then = 3 cross sections shows that the Burke convergent rule for e--H scattering is correct and that the 15-state results should be qualitatively accurate for energies up to the n = 5 threshold. The cross section values calculated by the 1.5-state for n = 3 states are now 15% higher than those of the algebraic variational method. This is a measure of the contribution of the ionization continuum in this energy range.
It is important to noie that although pseudo-resonances may have been found to occur at energies above 1.21 Ryd (Fon eta[ 1992) , the present 15-state R-matrix calculations have been carried out at 275 energies ranging from n = 3 to n = 4 thresholds and we do not find any trace of pseudo-resonances here.
It is apparent that the integral cross sections for the excitation of n = 2 and 3 states at energies lying between the n =~ 3 and n = 4 thresholds are now fully established in shape (by the 15-state R-matrix calculation) and in absolute values (by the algebraic variational method). The twin-prong approach has been extended to calculate differential cross sections and electron-photon angular correlation parameters for the excitation of n = 3 states. Results will be reported in our full paper.
